. In industrial fields, the inline chemical analysis of processes and products is the most important application for LIBS; however, the poor stability of LIBS measurements is an obstacle to this method's practical application 11 .
Extensive research has been conducted to reduce the uncertainty in LIBS measurements 12, 13 . An increasing number of studies currently focus on spectral correction instead of sample preparation to retain the advantages of LIBS in rapid, in situ and on-line analysis 10, 14 . The internal standard method has been proven to be a useful method for LIBS spectra 15, 16 ;
however, selecting the reference line of the internal standard element is difficult, and in certain cases, no appropriate element can be found. Normalization with the intensity of the spectral area or the background emission is also commonly used in LIBS to reduce the influence of the matrix effect and the pulse-to-pulse fluctuation [16] [17] [18] . Selected associated signals have also been introduced in LIBS as reference signals, such as electrical current 19, 20 and acoustic waves 21, 22 , which are generated synchronously with the plasma. Many multivariate analysis methods such as principal component analysis (PCA), neural network (NN), support vector machine (SVM), and partial least square (PLS) have been applied in LIBS 23, 24 , and combinations of these methods have been used for both qualitative analysis and quantitative analysis 25, 26 .
The plasma temperature, electron density and number density of species are the most important parameters that reflect the plasma conditions. Normalizing the spectrum with the calculated plasma parameters has been proven to be an effective approach 14 . Wang et al. 27 and Li et al. 28 ,29 used a standardization method, in which a standard state with specific plasma parameters was described, and the spectrum was compensated to this standard state with the residual of the plasma parameters.
The plasma image is a direct presentation of the plasma condition, which is the foundation underlying research on temporal and spatial resolution of the plasma [30] [31] [32] [33] . However, in most of this work, the plasma image is used as a supplementary method to demonstrate the reason for the spectrum fluctuation instead of as a reference signal to correct the spectrum. Ma et al. 34 and Bai et al. 35 established correlations between the spatial distribution of the plasma and the spectral intensities of several characteristic lines corresponding to different elements. In further work, MottoRos et al. 36 presented a servo system to correct the fluctuation due to the different heights of the sample surfaces, with automatic positioning of the collection optical fiber using real-time imaging. Ni et al. 37 presented a spectral normalization method in which the sum of pixels in a certain plasma image area was calculated and used as the reference signal.
In a previous study 38 , we proposed an intensity correction method using plasma position information. However, in practical applications, the plasma image in the horizontal direction could not be obtained and the plasma position could not be extracted directly. In the present work, we further studied the spectral fluctuation caused primarily by the different heights of the sample surfaces. The plasma image was collected coaxially with the laser beam, perpendicular to the sample surface. Instead of extracting the position information from the plasma image, the plasma image data were preprocessed and used to directly correct the spectral line intensity, and an image auxiliary method was proposed.
PCA was used to reduce the dimensionality of the image data, and the principal components of the images were used to construct the correction model. Therefore, we consider that the plasma image could be used to describe the spectral differences due to the plasma fluctuation. The spectral intensity ̅ is defined as the average intensity of a specific line and is described as
where q is the number of spectra in one sample, and Ii is the intensity of the i th measurement. In a common quantitative analysis model produced by linear regression, the concentration is described as a linear combination of a series of I ̅ values at different wavelengths (multivariate analysis)
or an expression of an individual I ̅ (univariate analysis).
Therefore, the stability of the measurement is determined by the deviation of I from I ̅ to a certain extent. For a specific I, the relative deviation is described as follows
If e can be estimated by other functions, then I ̅ can be described as
That is, if we can estimate the relative deviation using the image data, the intensity calculated via Eq. (3) The modeling procedure is described in Figure 3 (b).
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The results in Table 2 show that (1) with the internal standard method, the RSDs of Cu, Mn, V and Cr decreased from more than 30%, 20%, 25% and 20% to approximately 4.5%, 6.5%, 5% and 8.5%, respectively. After combination with image auxiliary method, the values further decreased to less than 2.5%, 3.5%, 2.5% and 5%, respectively. (2) In conclusion, when both stability and accuracy are considered, the combination of the proposed image auxiliary method and univariate analysis was more appropriate than the entire spectral area normalization and the internal standard method.
Combination with multivariate analysis. As shown in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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